We determined the effect of relaxation therapy for hypertension in patients whose blood pressure remained elevated despite the use of antihypertensive medication. The effect was assessed in multiple settings, including the relaxation therapist's office, the Hypertension Clinic, and the patient's natural environment, the latter using 24-hour automated ambulatory blood pressure measures. Nineteen patients were randomized either to temperature biofeedback-assisted relaxation or to an attention control, "stress education." Antihypertensive medication was kept constant. In the behavioral therapist's office, blood pressure decreased in equivalent amounts with both treatments. Hypertension Clinic nurse blood pressure remained stable or increased with both treatments, but again there was no difference between treatments. Ambulatory blood pressure increased with relaxation therapy and decreased with stress education, the effect being significant for diastolic pressure. The effects on ambulatory blood pressure were limited to the waking hours. The only variable that showed superior effects for relaxation therapy was physician-determined blood pressure. These results call into question the generalizability of the effects of relaxation therapy from one setting to another.
INTRODUCTION
The effect of relaxation therapy for hypertension has been extensively studied. A recent meta-analysis, organized by the National Heart, Lung and Blood Institute, of data pooled from several relaxation studies (the Hypertension Intervention Pooling Project (HIPP] (1)) revealed that the effect of relaxation therapy for unmedicated patients was quite modest, amounting to a treatment-control group difference of 2 mm Hg. For medicated patients, relaxation was not found to be superior to control. The studies in which the effect of relaxation therapy was examined on medicated patients typically were not, however, rigorously controlled for prescribed medication, as it was left to the discretion of the patient's personal physicians to prescribe medication. This lack of control could have resulted in a confounding of the effect of relaxation with that of medication changes, or at least in lack of precision in the assessment of the behavioral effect.
The present study was therefore designed to assess the effect of relaxation therapy on patients whose medication was experimentally controlled. In a previous study, we assessed the effect of relaxation while simultaneously exerting experimental control over medication (2) . Relaxation therapy was begun after the patient had been started on one of three drugs-placebo, chlorthalidone, or atenolol. We found the effect of relaxation to be very modest and unrelated to the medication the patients were taking. The low magnitude of treatment effect, however, may have been due to the fact that the blood pressure in most patients was wellcontrolled once they were on an active medication. It is well-known that decreases in blood pressure after relaxation therapy tend to be more pronounced in patients with significant blood pressure elevations (3, 4) . The present study therefore assessed the effect of relaxation on patients whose blood pressure remained elevated despite the use of antihypertensive drugs, in effect using relaxation as a second or third "drug."
In a recent review of the literature (3), we concluded that the effect of relaxation therapy might be transient and limited to specific situations, such as the therapist's office or a research clinic specially created for the study. A second aim of the present study was to assess generalization of treatment effects as a result of relaxation therapy. To this end, blood pressure was determined in multiple settings, including: a) the behavioral therapist's office, b) the Hypertension Clinic (nurse blood pressure), c) the Hypertension Clinic (physician blood pressure), and d) by automated 24-hour ambulatory blood pressure.
METHOD Design
Subjects were included if their blood pressure was not well-controlled (i.e., diastolic blood pressure > 90 mm Hg) despite the use of one or two medications. We hoped that behavioral treatment might make it possible to avoid a second or third drug or even to discontinue one of the antihypertensive medications. Figure 1 summarizes the design. After a 4-week baseline, subjects were randomized to one of two treatments: temperature biofeedback-assisted relax-
TABLE 1. Demographic and Clinical Data
Relaxation n= 10
Stress Education n = 9
Age (years) (mean, SD) Duration of hypertension (median, range (years)) Highest blood pressure past year Systolic (mean, SD) Diastolic (mean, SD) Number of males (n, %) Number of married subjects Number of blacks (n, %) Number with positive family history of hypertension 46. 5 ation therapy or "stress education," the latter designed to be an "attention placebo" intervention. Each treatment lasted for 3 months and involved weekly visits to a behavioral therapist and homework assignments. After patients completed treatment, a physician determined whether the patient's medication could be reduced. The study was approved by the Institutional Review Board of the University of Pittsburgh School of Medicine.
Patients
Patients were either recruited from the patient pool of the Hypertension Clinic of the Department of Medicine or referred by a health clinic of a local corporation. In the latter case, patients were first tried on a two-drug medication regimen at the Hypertension Clinic over several weeks and then referred to the study. Thus, all patients had exposure to the Hypertension Clinic setting prior to entering the study, although they might not yet have been assessed by the research nurse who took their blood pressure during treatment. This design feature was expected to reduce the effect of habituation that would have occurred in a new clinic setting (3) .
Twenty patients were randomized: 11 to relaxation therapy and nine to stress education. One of the former dropped out during the baseline phase before any treatment had been administered. Ten patients assigned to relaxation therapy and nine patients assigned to stress education completed the treatment. These 19 patients included 13 males and six females, two blacks and 17 whites. The median age of the patients was 48 years (range, 38-68). Median duration of known hypertension was 11 years (range 2.5-37 years). All the patients had documented elevated blood pressure during the year preceding baseline (maximal blood pressures recorded = 140-225/ 90-130 mm Hg). All but one of the patients were on beta-blockers. Sixteen patients were on a combination of two drugs, the combination in all cases including a diuretic, and three patients were on betablockers alone. Further demographic information broken down for the two groups appears in table 1. There were no statistically significant differences between the groups on any of the variables.
Treatments
Both treatments involved 12 weekly sessions lasting approximately 45 minutes. Both treatments also included homework assignments. The last of these sessions was used mainly for assessment purposes. Relaxation therapy involved an initial period of five sessions in which progressive muscular relaxation was taught, using a series of relaxation tapes employed in our earlier study (2) . This period was followed by six sessions during which subjects practiced finger temperature feedback, each session consisting of a 5-minute baseline period, a 20-minute feedback period, and a 5-minute no-feedback "generalization" period. Feedback was visual (a large temperature dial), auditory, or both, depending on the patient's preference. The air temperature in the biofeedback room was held at 72°F. Between sessions, the patients used temperature-sensitive "Biodots" (Biodot International, Inc., Indianapolis, Indiana) as a means for temperature feedback and were Psychosomatic Medicine 54:87-101 (1992) 89 instructed to increase finger temperature during relaxation sessions [c.f. (5)]. A "self control model," was used as a rationale for the biofeedback treatment. For example, paradoxical decreases in temperature often occurred during initial sessions in which feedback was provided to increase temperature. These paradoxical decreases represented an opportunity to teach the patient about the adverse effects of "trying too hard" and the importance of "passive volition." If the patient's finger temperature already was high at the beginning of a period, instructions to decrease temperature were provided. The mental imagery used during feedback to decrease instructions often involved "stressful" scenes; patients were thus made aware of the adverse effect of "stress" on finger temperature (and by implication, blood pressure), instructions to increase or decrease were given during each of the three periods (baseline, feedback, generalization) of the session. Overall, 67% of the periods involved increase instructions and 33% involved decrease instructions. Each patient was exposed to increase instructions. One patient who was particularly successful with temperature control progressed to feedback of foot temperature.
The stress education program was designed to incorporate the subject matter typically covered in stress management programs. The content, however, was covered only in general terms without recommendations for actual behavioral change. Furthermore, all references to relaxation or meditation were omitted. As home practice, subjects self-monitored events and symptoms of stress and completed various questionnaires relevant for the program. During the next session, the therapist spent 5 to 15 minutes listening to the patient discuss stressful events and providing general support by asking further questions; she then proceeded to the content planned for that session, including such topics as the effect of stress on blood pressure, coping styles, time management, and problem solving. At all times, the therapist refrained from giving direct advice. Both treatments were conducted by the same therapist, a psychiatric nurse with additional qualifications in exercise physiology.
To enhance compliance with the medication regimen, the importance of taking the prescribed medication was emphasized during both the Hypertension Clinic visits and the sessions with the behavioral therapist. Furthermore, the patients performed daily monitoring of their prescribed medication using self-monitoring sheets. These were reviewed by the behavioral therapist at each session. In case of noncompliance, the therapist was instructed to intervene with a problem-identifying assessment and problem solving behavioral counseling. Such interventions were seldom needed.
Assessments
Therapist's office blood pressure. Patients visited the behavioral therapist's office every week during four baseline visits and 12 treatment visits. Blood pressure was measured after a 5-minute rest period while patients semi-reclined in a reclining chair, using a Doppler-based automatic blood pressure monitor (Arteriosonde®). Five such measures were obtained over a 5-minute period; the median of these five measures was considered the "arrival" blood pressure for the session. The therapist determined the patient's pulse rate at the beginning of each session. The patients were not given feedback as to the blood pressure measurement results. C/inic blood pressure (nurse). The clinic blood pressures were scheduled monthly for the first 2 months and then every 2 weeks during the last month for a total of four visits; the extra visit during the last month was for the purpose of ambulatory blood pressure monitoring. Blood pressure was taken by the same nurse, who was blind to the patient's treatment assignment. Three measures of blood pressure were taken in the supine position and three in the standing position; the median of these three was entered as the blood pressure of that visit. Heart rate was determined in the same manner in supine and standing positions. No feedback was provided to the patients concerning their blood pressure values.
Clinic blood pressure (physician). Blood pressure was taken by a physician before the patient was referred to the study (referral blood pressure) and on one occasion after treatment was completed (posttreatment blood pressure). These blood pressures were generally taken by the same physician (APS). The physician was blind to the patient's behavioral treatment modality. At the post-treatment visit, the physician decided whether the patient's medication should be changed based on the results of his blood pressure determination and the physician's judgment of treatment effect from the nurse blood pressures. A measure of the "white coat hypertension" effect was derived by comparing the physician-determined post-blood pressure with the pressure obtained by the clinic nurse at the patient's previous Hypertension Clinic visit.
Ambulatory blood pressure. Blood pressure recordings by means of an ambulatory monitor (Avion-
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ics®) set at recording intervals of 30 minutes were scheduled for 1 day during baseline and 1 day after 10 weeks of treatment. During waking hours, subjects monitored their activity (resting supine, sitting, standing, and mild and heavy exercise) each time the blood pressure cuff inflated.
Treatment process variables: Relaxation Checklist and finger temperature. To monitor progress in the relaxation therapy group, the clinician determined the patient's state of relaxation using a relaxation checklist designed for the study ("Relaxation Checklist"). 1 These determinations were made at the beginning and the end of each full relaxation session. During biofeedback sessions, the therapist recorded the temperature at the beginning and end of each of the three periods, for a total of six temperature measurements/session.
Statistical Analysis
Repeated assessments of blood pressure were made on each subject in three of the four study settings. In order to account for the longitudinal nature of the data, we used regression techniques adapted to the longitudinal case (8) . In particular, random effects were used to model the correlation 1 The Relaxation Checklist consists of six anchored items (muscle tension in extremities, respiration rate, hand temperature, general bodily movement, eye movement, and relaxation of jaw). The range of scores was 0 to 20, with 20 designating maximum degree of "tension" and 0 equivalent to maximum "relaxation." Muscle tension in thei extremities was determined by the therapist gently lifting the limb and determining its heaviness and "limpness." The intraclass correlation between these seven items, adjusted for differences in anchor points (6) was 0.69. For nine of the subjects, scores were also available on the relaxation scale described by Schilling and Poppen (7). The product-moment correlation between Relaxation Checklist scores and Poppen scores, pooled across subjects, was 0.75. (The Schilling and Poppen scale showed evidence of floor and ceiling effects, resulting in restriction of range in this scale.) For individual subjects, the correlations between the two scales ranged from 0.49 to 0.92 (median: 0.82). Copies of the Relaxation Checklist are available upon request. structure of the observations (9), thus fitting models into two components, one consisting of the fixed (population level) effects and another consisting of the random (individual level) effects. From the parameters of the statistical model, we then calculated the treatment effect as the change of blood pressure at the last treatment visit compared with the stable baseline level. The standard error of the change was derived from the covariance matrix. We considered an effect as statistically "significant" if the confidence interval (1.96 x SE) of the change did not include zero. We chose the longitudinal regression method over a simple comparison of the blood pressures of the baseline and final visits in order to make use of all available data, thus increasing statistical power, and to minimize the impact of circumstances that might systematically have affected the blood pressures obtained during the last visit of the treatment program. Finally, because the "slopes" fitted to subjects who improve early in the program will be somewhat steeper than the slopes of those who improve later, the estimate of the treatment effect is sensitive to rate of improvement as well as to prepost change. As a supplementary analysis, we also did simple pre-post comparisons, the results of which proved to be generally similar to the analyses presented here.
For blood pressures measured in the therapist's office and clinic, the longitudinal regression models were applied to the change scores obtained by subtracting the stable baseline level for each subject from the arrival blood pressures of each treatment session. The independent variables were the fixed effects of Group (G), Number of Visits (V), and their interaction (G x V); the random effect was a subjectspecific level. Since the baseline value by definition was zero, no intercept was included in the model. Thus, all the changes are referenced to the stable baseline levels in each setting. Effect coding (+1, -1) was used to quantify the Group variable (10) . The interaction (G X V) represents the differential treatment effect, i.e., whether the effect of one treatment was superior to the other. With respect to therapist's office blood pressure, the first two baseline pressures (OBI, OB2; Fig. 1 ) were discarded because preliminary analyses had revealed a declining blood pressure trend across these visits, while the blood pressure of visit OB3 did not differ from that of the remaining baseline visits. The stable baseline level was determined for each patient by taking the mean of the last two baseline and the first arrival treatment pressures (OB3, OB4, and OTl). Similarly, for nurse clinic blood pressure, the first baseline visit (CB0) was discarded, because the blood pressures obtained during this visit were significantly higher than those from the subsequent visits. The stable clinic baseline level was calculated as the average of the last two baseline clinic visits (CBl, CB2).
Ambulatory blood pressure data were first subjected to a computer screen aimed at eliminating physiologically improbable values (11) . Because the statistical models planned would be giving misleading results in the presence of a few atypical readings ("outliers"), a second screen was done by hand. The hand screen involved excluding data, which, within periods of constant activity, appeared to be isolated deviations (e.g., 10 mm Hg or more within the activity of "sleep" or "resting supine") from a typical level. Similarly, in cases of isolated readings involving one particular activity, the reading was excluded if it appeared to be atypical for this activity and this person. For each systolic "outlier" identified, the corresponding diastolic reading was also excluded, and vice versa. The hand screening was performed by two individuals (RGJ and CG), and differences were resolved by negotiation. Of the 1021 readings remaining after the computer screen, 127 were screened out during the hand screen.
The screened ambulatory blood pressure data were analyzed using two different statistical models, one focusing on 24-hour blood pressure (Model 1) and the other focusing on sleep-wake differences in blood pressure (Model 2). Model 1 tested the effect of treatment on 24-hour blood pressure while controlling for the effects of physical activity and time of day (circadian rhythm), as well as individual differences in blood pressure levels and possible random variation in conditions occurring during a particular recording day not related to treatment. Therefore, in this model, the covariates were the fixed effects of Group (G), Visit (V, i.e., Pre vs. Post), Activity (A, as recorded in the diary (11)), the sine and cosine of time of day (Sin(t), Cos(t)), and the G x V interaction. Besides these fixed effects, the random (individual) effects of the individual Intercepts and of Visit (pre/post) were included. The computations were done using the REML program written by Cook and Stram (12) . If the treatments affected 24-hour blood pressure differently, the confidence intervals of the G x V interaction should not include zero. The activity categories recorded in the diary were the ones used by Marler et al. (11) and consisted of sleeping, resting supine, sitting, standing, and exercise. The sine and cosine terms were included to estimate the effects of time of day, i.e., circadian variation in blood pressure. Both the sine and cosine terms are needed to assess the acrophase and amplitude of the circadian "wave" (11) . A supplementary model, Model 2, was fitted to test whether the treatments differentially affected blood pressure during the waking state compared with sleep. If a treatment reduced blood pressure by reducing the effect of "stress," then one would expect blood pressure during waking activities to decrease more than blood pressure during sleep. The prediction that the effect of stress reduction techniques would be limited to waking blood pressure is consistent with current thinking about the effect of reactivity to stress on blood pressure in the natural environment, particularly the "prevailing state model" (13) or the "combined" prevailing state/recurrent activation model (14) . This supplementary model included the fixed effects of Visit, Group, Sleep (S), and their interactions (V x G, V x S, G x S), as well as the triple interaction, V x G x S, the latter reflecting the differential effect of treatment on blood pressure elevation induced by the "stress" of the waking hours. If one treatment affected the sleep-wake differences more than the other, then the confidence interval for this triple interaction should exclude zero. In addition to these fixed effects, the random effects of Intercept and Visit were included. We note that the limited sample size posed severe limitations on the complexity of the models we were able to consider. For instance, Model 2 does not include sine and cosine terms. The estimation algorithm would not converge when these extra terms were included.
Re/axation Checklist and finger temperature (relaxation group only): The longitudinal regression models employed in the analysis of blood pressure were also used in the analysis of the Relaxation Checklist and finger temperature data. The distributions of these variables were first examined using normal curve plots. Both variables showed significantly skewed distribution. Optimum normalizing power transformations were derived with the aid of the maximum likelihood method described in Johnson and Wichern (15) . Both variables required logarithmic transformations. For temperature, the transformation y = ln(98.6 -x) was used, "98.6" representing core body temperature (i.e., the maximum finger temperature theoretically possible). Temperature was analyzed with a statistical model in which the within-period change in temperature was the dependent variable and the independent variables included the fixed effects of a) Temperature level at the beginning of the period, b) Instructional direction (increase or decrease), c) the interactions between type of Periods (i.e., baseline, biofeedback, and generalization) and Instructions (to determine whether a differential effect of feedback was present), and d) the interaction between Sessions, Periods, and Instructions (to determine whether performance changed with successive sessions). In addition, a random subject level was included. For the Relaxation Checklist, the transformation y = In (x + 1) was used. The Relaxation Checklist model included the checklist score ("tension level") as a dependent variable and the fixed effects of a) beginning vs. end of session (Within-session change), b) the linear and c) quadratic effects of Session number (to monitor progress across sessions), and d) the interaction between Within-session change and Session number (to determine the degree to which Within-session changes in relaxation changed as sessions progressed).
Besides the longitudinal regression analyses, t tests were used to determine the significance of differences between paired observations, such as the decline of blood pressure during baseline, or the changes in blood pressure in the different settings.
RESULTS
The main results of the study are listed in Table 2 and depicted in Figure 2 . The table indicates, for each group and each setting, entry blood pressure into the study in the two main settings (V o , i.e., CBO or OBl), baseline blood pressure, and changes at the end of treatment estimated from the longitudinal regression model. Figure 2 is a graphic display of the results. For simplicity, the physician referral blood pressure is entered in the V o column, even though these blood pressures preceded V o .
Baseline Blood Pressure Trends
The physician referral blood pressure was 157.3/96.9 mm Hg for the relaxation group and 151.8/100 mm Hg for the stress education group. At entry into the study (CBO), clinic blood pressure was 144.4/ 91.4 mm Hg for the relaxation group and 144.0/92.2 mm Hg in the stress education group. Thus, both groups had elevated blood pressure despite the use of drugs, but there was a significant decrease between the physician referral blood pressure and clinic nurse CBO pressure, for both groups combined amounting to 9.3/ 6.7 mm Hg (standard error (SE) = 4.3/1.2 mm Hg). Furthermore, additional declines in blood pressure occurred during the baseline phase, i.e., after V o . In the relaxation group, blood pressure changed by 6.3/4.3 ((SE) of 2.5/2.0) mm Hg in the relaxation therapist's office and by 2.7/ 3.3 (SE = 3.4/1.8) mm Hg in the clinic; in the stress education group, blood pressure changed by 3.2/2.8 (SE = 3.9/2.6) mm Hg in the therapist's office and 13.4/9.1 (SE = 1.6/1.5) mm Hg in the clinic. Because patients were not randomized to their treatment condition until after the third baseline visit to the relaxation therapist's office, the discrepancy in baseline falls in blood pressure between the two groups was not related to the group assignment.
Treatment Effects
During the treatment phase, the changes in blood pressure showed an inconsistent pattern in the different settings. In the relaxation therapist's office, blood pressure decreased 2.2/3.1 mm Hg in the relaxation group and 4.6/3.2 mm Hg in the stress education group, the diastolic changes and systolic change in the stress education group being statistically significant. Heart rate decreased by one beat per minute in the relaxation group (not significant) and 3.6 beats per minute (significant) in the stress education group. Comparing the decreases occurring in the two groups, the difference (2.4/0.1 mm Hg in favor of stress education) was not statistically significant. All changes except physician blood pressure were estimated change from regression analysis; if negative, blood pressure decreased with treatment. " Vo, first visit upon entering study (excluded from baseline visit calculations). Physician referrals in this column were actually taken before Vo (see Fig. 1 ). b SE, standard error of change. c S-R, difference between Stress Education and Relaxation (negative sign: Stress Education had greater decline than Relaxation). d Underline indicates if 95% confidence interval did not include zero. e Physician blood pressure difference p = 0.508 favoring relaxation therapy. 'Ambulatory blood pressure: Model 1 is according to model for overall 24-hour blood pressure. Model 2 is focused on sleep-wake differences in blood pressure. Because different covariates were used in Model 1 and Model 2, the estimates from the two models are not directly comparable For nurse-determined clinic blood pressure, supine blood pressure increased by 2.2/5.8 mm Hg in the relaxation group (diastolic increase statistically significant) and showed no significant change in the stress education group. Standing blood pressure and heart rate showed no significant changes in either group. The differences between groups were not statistically significant on any of the measures.
Comparing the changes in the clinic with those in the office for each subject, it is clear that in the therapist's office blood pressure and heart rate decreased, while in the clinic there was either no change, or in one instance, an increase. Thus, for both groups combined, blood pressure decreased by 3.2/4.1 mm Hg in the office but increased by 2.9/0.09 mm Hg in the clinic, and heart rate decreased by 2.8 beats per minute in the office and increased 0.7 beats per minute in the clinic. For both systolic and diastolic pressure, the differences between the office and clinic blood pressure changes were statistically significant (t(18) = 5.07 and 3.21, respectively, p < 0.005).
For ambulatory blood pressure, the statistical model that focused on overall changes in 24-hour blood pressure, Model 1, indicated that blood pressure increased by 3.8/4.9 mm Hg in the relaxation group (diastolic increase significant) and decreased by 3.7'12.7 mm Hg in the stress education group. The difference between treatments favoring stress education was statistically significant for diastolic but not systolic pressure. The model that focused on sleep-wake differences, Model 2, indicated that the changes found in ambulatory blood pressure primarily occurred while the patient was not asleep. Thus, significant differences between the treatments were found only on blood pressure during waking activities. However, the sleep-wake differences were not differentially affected by the treatments to a statistically significant degree (as evidenced by the confidence intervals of the estimated differential treatment effects on the sleep-wake differences, 7.0/4.5 mm Hg, SE = 4.5/2.7 mm Hg).
Physician blood pressure. Our measure of post-treatment white coat hypertension, the "physician effect," was derived from comparing the physician post-treatment blood pressure with the nurse-determined post-treatment blood pressure. One subject in the relaxation group was excluded because she had mistakenly stopped taking her medication after the nurse post-treatment assessment. The "physician effect" was 19/14 (SE = 4.3/ 3.3) mm Hg stress education group, but only 3/-2 (SE = 5.2/3.6) mm Hg in the relaxation group. The differences between the groups were statistically significant (t(16) = 2.31 and 2.22, respectively, for systolic and diastolic pressure; p < 0.05). If the excluded subject in the relaxation group had been included, the difference still would have been statistically significant.
Because the stress education group had higher baseline falls in blood pressure compared with the relaxation group, the differences in physician effects could be an expression of nonrandom distribution of individual characteristics that may have caused both the baseline falls and the physician effects, such as innate differences in "reactivity." If such differences in reactivity were the only explanation for the differences in physician effects, then one would expect positive correlations between baseline falls and physician effects within each group. Our sample size is not large enough to yield robust estimates of these correlations. Nevertheless, in the stress education group, these correlations were Pearson r = -0.16 and 0.29 for systolic and diastolic pressure, respectively (not statistically significant). For the relaxation group, the correlations were r = -0.46 (p < 0.10) and 0.27. The negative correlation is in the opposite direction of what would be expected if reactivity remained a stable characteristic of individuals throughout the treatment. A second indicator of innate reactivity might be the differences between ambulatory blood pressure while awake and while asleep. In our analysis of Model 2, we found no significant Group X Sleep interaction, thus further arguing against the possibility of innate differences in reactivity accounting for the treatment effects on physician blood pressure.
Comparison of the referral and posttreatment physician blood pressures showed that in the relaxation group blood pressure decreased by 14.6/5.8 mm Hg from 157.3/97 mm Hg. For the stress ed-ucation group, systolic pressure increased by 0.4 mm Hg, and diastolic pressure decreased by 1 mm Hg from 152/100 mm Hg. The between-group difference in systolic pressure in physician pre/post systolic changes was close to being statistically significant [t(16) = 2.033, p = 0.058, two-tailed].
These results indicate that relaxation therapy might have had a selective effect on physician blood pressure. The superiority of relaxation therapy on physiciandetermined blood pressure is consistent with the medication changes prescribed at the physician visit. Medication strength was decreased for three patients; each of these patients had received relaxation therapy (Fisher exact probability test on 18 subjects, p = 0.103).
Treatment Process Variables:
Temperature and Relaxation Checklist The statistical model for temperature changes revealed a significant effect of preperiod Temperature: the higher the temperature at the beginning of the period, the smaller the increase in temperature (z = 4.22, p < 0.0001). In addition, there was a significant effect of Instructions to increase vs. decrease (z = 2.61, p = 0.005). There were no significant interactions involving Instructions, Periods, or Sessions. Thus, this analysis showed that patients were able to increase or decrease temperature in accordance with instructions and that this effect was independent of preperiod temperature. The ability to increase or decrease was independent of whether or not feedback was given. For the 10 subjects, the median of the maximum temperatures recorded at the end of the period during which increase instructions were provided was 93.3°F (34.3°C) with a range of 91.6 to 96.1°F (33.1-35.6°C) .
The Relaxation Checklist scores declined as sessions progressed (indicating less "tension"), both for the readings at the beginning and end of a session. The statistical model showed significant linear and quadratic effects of sessions, indicating that "tension" decreased in a nonlinear fashion as sessions progressed (z = -6.0 and 4.8, respectively, for the linear and quadratic effect (p < 0.0001)). The rate of decline in "tension" was more pronounced in the earlier sessions; little further decline occurred after the sixth session. In addition, there was a significant Within-session effect, indicating that the patients decreased tension levels within sessions (z = 5.25; p < 0.0001). Finally, there was a significant Within-session X Session interaction, indicating that the within session changes diminished as sessions progressed (z = 2.58; p = 0.005). This latter effect is related to the tension levels in later sessions being low already at the beginning of the session, leaving little room for further reduction.
DISCUSSION
In this study we compared the effect of temperature-biofeedback assisted relaxation with "stress education," a program designed to control for attention and other nonspecific factors. Stress education and relaxation involved equal amounts of therapist and patient time commitments. We determined the effects of these treatments in multiple settings in order to assess their patterns of generalization. Our results depended upon the setting chosen for assessment. In the relaxation therapist's office, there were small decreases in blood pressure, but no statistically significant difference existed between the effects of the two treatments. This lack of difference cannot be ascribed to lack of statistical power due to small sample size: as suggested by the width of the confidence interval, the experiment had sufficient power to detect a group difference of 6/4 mm Hg. On Hypertension Clinic Nurse blood pressure, again no statistically significant difference existed between the effects of the two treatments, but no change in systolic pressure occurred over time, and diastolic blood pressure increased in the relaxation group.
Thus, there was no specific treatment effect favoring relaxation therapy in these two settings. Our treatment process variables indicated that subjects were able to learn the relaxation technique, and that they were able to learn temperature control, even though no specific added effect of feedback was noted over and above that of instructions alone. The latter result is consistent with the finding by Keefe (16) of no difference between thermal instructions and biofeedback to increase finger temperature. The highest temperatures achieved after increase periods fell short of the 95° "mastery" criterion proposed by Fahrion et al. (17) ; only one of our subjects reached this criterion. However, this criterion was found to be unrelated to success for treatment of hypertension in two empirical studies (18, 19) . One reason why high finger temperature has been advocated may have been the assumption that high finger temperature is a marker for reduction in general sympathetic outflow (20) . However, sympathetic nervous input to various regions in the body tends to be highly differentiated (21) , calling into question whether such hypothetical sympathetic changes with thermal feedback would indeed be generalized. Recent research on the physiological mechanisms underlying finger temperature warming indicates that a general reduction of sympathetic outflow, as measured by catecholamine levels, does not occur (22) . In fact, skin conductance levels increase during temperature feedback (23) , and there is evidence that finger warming is related to a non-neural beta-adrenergic mechanism (24, 25) .
It could be argued that we might have been able to demonstrate a treatment effect had we allowed a follow-up period of sufficient length, during which integration of the relaxation techniques learned might have taken place. Medication changes performed in the follow-up period precluded our employing the blood pressure data that were collected in the Hypertension Clinic to address this issue. However, a review of the literature of long-term studies of relaxation therapy (26) indicated that such delayed effects are rarely found. In fact, the differences between treatment and control groups tended to decrease, rather than increase, during the follow-up period. This difference was due to the control groups showing further declines in blood pressure, while the treatment groups remained unchanged.
The large declines in blood pressure during baseline in our study deserve further attention. The decreases in blood pressure during baseline were equivalent to or larger than those occurring during treatment. If the treatment effects had been assessed as changes from the initial baseline (i.e., V o ) rather than from the later baseline sessions, the effect for both groups combined would have been a decrease of 8.2/6.7 mm Hg in the relaxation therapist's office and of 6.8/2.7 mm Hg in the clinic, as opposed to the smaller or absent treatment effects reported here. In our recent review (3), we found that the treatment effects reported in studies with only one baseline visit were consistently higher than in other studies. This finding, combined with the large decreases during the early baseline phase observed in the present study, calls into question whether the decreases reported in one-baselinevisit studies can be expected to be of equal magnitude in a clinic setting.
Our results indicate that the effects of behavioral interventions may be situation-specific. Blood pressure decreased in the therapist's office but remained unchanged or increased in the clinic. These differences were not likely due to differences in posture when the blood pressure was taken (semireclining in the therapist's office, supine in the clinic). We do not believe that the difference in the supine and semireclining positions is associated with substantial hemodynamic differences. Furthermore, in our previous study, in which we assessed the effect of drugs in the same two settings, consistent changes were found in both settings as a result of the drug interventions (2) .
Further evidence for situation-specific effects of relaxation therapy can be found in the results on ambulatory blood pressure. These indicate that it was stress education, our control intervention, that was the superior treatment. The ineffectiveness of relaxation therapy on ambulatory blood pressure confirms the results of our earlier study (2) as well as those of a recent study employing intra-arterial ambulatory blood pressure measurements (27) . The results are consistent with the suspicions raised by Pickering et al. (28) that the treatment effects with behavioral treatment may be limited to specific settings. However, the results are at variance with those reported in Southam et al. (29) and most treatment groups in Glasgow et al. (30) . One explanation for this discrepancy might be related to differences in the way ambulatory blood pressure is measured; it seems that favorable effects of relaxation therapy on ambulatory blood pressure have been reported mostly in studies that used patient-initiated ambulatory measurements, either with the Remler device, in which measurements are self-initiated (29) , or as a result of selfmonitoring of blood pressure (30) . Recently, in an uncontrolled study, Musso et al. (31) reported favorable effect of temperature biofeedback on machine-initiated ambulatory blood pressure. Inspecting the graphs of 24-hour averages of systolic pressure across baseline and treatment in that study, however, suggests that only six of the 10 subjects had lower blood pressures at post-treatment compared with the last of the baseline visits.
The only variable for which relaxation therapy may have been the superior treatment was physician blood pressure, Because our sample size is small, this outcome should be viewed with caution, but it suggests that relaxation therapy may selectively reduce "white-coat hypertension." The possibility that relaxation therapy encourages the patient to engage in "self-quieting" behaviors specifically during blood pressure measurements has been raised before ((3), (28) and C. Ewart, personal communication, 2/12/90) but obviously needs further study.
The absence of generalization of the effects of relaxation therapy is in keeping with the concept that declines in blood pressure during behavioral therapies are manifestations of the usual lability of blood pressure. Thus, depressor responses may occur with stress relief just as pressor responses occur with anxiety and environmental stimuli, while neither may re-
